In the last decade new phenomena have been observed in all areas of non linear dynamics, principal among these being 'Chaotic phenomena'. Chaos has been reported virtually from every scientific discipline. This paper summarizes a study of the chaotic phenomena in electrical systems and attempts to translate the mathematical ideas and techniques into language that engineers and applied scientists can use to study 'Chaos'. Towards this end, the paper has summarized the study of chaos in several examples like Chua's circuit family; Folded Torus circuit; non-autonomous circuits; switched capacitor circuits and hyper-chaos circuits. As observed in power systems, control systems and digital filters, chaos has been exhibited and shown on examples.
HISTORY AND BACKGROUND OF CHAOS
The nonscientific concept of 'Chaos' is very old and often associated with a physical state or human behaviour without pattern and out of control. Many scientists observed it long ago, but dismissed it only as a physical noise. The term 'Chaos' often stirs fear implying that governing laws or traditions no longer have control over events such as prison riots, civil war, or a world war. There is always some underlying force or reason behind the chaos that can explain why seemingly random events appear unpredictable. In the physical sciences, the paragon of chaotic phenomena is turbulence. Thus, a rising column of smoke or the eddies behind a boat or aircraft wing provide graphic examples of chaotic motion. Chaotic dynamics are thus inherent in all of nonlinear physical phenomena that has created a sense of revolution in physics today.
We must distinguish between the so called random and chaotic motions. In random motions, we truly do not know the input forces or we only know some statistical measures of the parameters. The term 'Chaotic' is reserved for deterministic problems. Henri Poincare [1] showed the existence of 'Chaotic' or unpredictable motions from the classical equations of physics. "Chaotic" is thus a term assigned to that class of motions in deterministic physical and mathematical systems whose time history has a sensitive dependence on initial conditions. Thus unless a computer of infinite word length is used in the simulation, no long-term prediction of the precise solution waveform is possible.
An excellent discussion of uncertainties and determinism and Poincare's ideas may be found in the very readable book by L.
Brillouin [2] . The (Fig. 2) . A simple two-transistor realization of this circuit [9] is depicted in Figure 3 . The two transistors of Figure 3 can be replaced by an op-amp as shown in Figure 4 which is still simpler and further requires lesser battery voltage.
Example 2 Folded Torus Circuit
This is another very simple electronic circuit suggested in Langford's Book [10] and is shown in Figure 5 (a) along with its physical practical realization in Figure 5( [11] and [12] gives a Josephson junction circuit in which Melnikov's method can be used to prove the presence of chaotic behaviour. Huertas et al. [13] have proposed a switched capacitor circuit with chaotic behaviour and also a switched-capacitor analog computer [14] for simulating chaotic and bifurcation phenomena. HYPER-CHAOS CIRCUITS Chua et al. [15] have given yet another interesting circuit which exhibits a chaotic attractor with more than one positive Lyapunov exponents. The dynamics expands not only small line segments but also small area elements thereby giving rise to a 'thick' attractor. This is the first real physical system where a phyerchaos has been observed experimentally and confirmed by computer [16] . The practical circuit is illustrated in Figure 7 along with the digitally simulated attractors in Figure 8 . CHAOS OBSERVED IN POWER SYSTEMS Chen and P. P. Varaiya [17] have reported the occurence of degenerate Hopf bifurcation in power systems. The Hopf bifurcations refer to the development of periodic orbits ("self oscillations") from a stable fixed point) as a parameter a critical value. This power system is shown in Figure 9 as an example. Varaiya, Wu and Chen [18] ; Salam, Marsden and Varaiya [19, 20] have also exhibited chaotic motion (called Arnold diffusion) in power system.
CHAOS IN COMNOL SYSTEMS
Two types of chaotic vibrations problems can be explored under this. It depends on the reference signal Xr(t). Which could either be zero when the system is autonomous or could be periodic when the motion is over a given path and over again as in some manufacturing robotic device.
Holmes [21] has studied the chaotic vibrations for an autonomous system which has been shown to exhibit both periodic limit cycle oscillations as well as chaotic motion. The problem of a forced feedback system has been studied by Golnaraghi and Moon [22] from Cornell University, Ithaca, NT, USA.
Chaos generation has been domonstrated also in adaptive control systems in two articles [23] and [24] [25] showed that the second-order digital filter, when implemented using a 2's complement arithmetic for
addition Operation, can exhibit chaotic behaviour for certain region in the parameter space. They extended the study to third-order digital filters also [26] 8 Chua and Sugawara yet again in another article [33] in the same special issue have developed an electronic instrument (analog and not digital) which is small and portable and when used as a preprocessor with a standard oscilloscope, allows one to display the strange attractors observed from chaotic circuits. 
